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1. Introduction 
Evidence has been provided [ 1 J that Ruthenium 
Red-sensitive calcium-ion (Ca2’) transport is enriched 
in specific populations of mitochondria isolated from 
rat liver. In these populations, evidence was also 
provided that the Ca2+ transport system is concen- 
trated in the inner peripheral membrane [ 11. 
The implications of these findings to aspects of the 
biogenesis of mitochondria and the role of mitochon- 
drial Ca2+ transport in cell physiology and metabolism 
(see e.g. [l] and reviews on Ca2* transport in [2-61) 
is such that we felt it important to determine whether 
evidence for heterogeneity of Ca” transport in mito- 
chondria also exists in other tissues and species. We 
chose, therefore, to re-examine Ca2+ transport in 
dint-muscle mitochondria of the sheep blowfly 
Lucilia cuprina. Firstly, Lucilia represents a species 
phylogenetically far removed from liver, and secondly, 
detailed analyses of the Ca2’ transport system in the 
flight-muscle of this species has been undertaken 
[7-9] . In particular we have established that the 
ability of dint-muscle mitochond~a to transport 
Ca2’, changes markedly during the development of 
the adult fly. The data presented here show that a 
considerable degree of heterogeneity of mitochondrial 
Ca2+ transport does exist in Lucilia flight-muscle, 
similar to that found in rat liver. 
2. Experimental 
Lucilia were reared and maintained as in [7,8] . 
E~sevier~~orth.Hollffnd 3~omedical Press 
2.1. isolation ofmitoclzondrial fractions 
An homogenate of the thoraces of 200 flies was 
prepared as in [7,8]. In the present work however, 
the centrifugation procedure was modified, adopting 
a centrifugation time of 5 min for each step, Using 
the Sorvall RC2B centrifuge with rotor SS-34, 
as follows: A very low speed pellet containing cell 
debri, nuclei and some mitochondria was obtained 
and discarded after an initial centrifugation at 75 X g. 
The supernatant from this step was centrifuged at 
480 X g and the pellet obtained designated fraction 1. 
Similarly, pellets were obtained after further centri- 
fugation of the supernatant at 1480 X g, 4350 X g 
and 17 300 X g; these are designated fractions 2-4, 
respectively. Finally, pellets l-3 were washed with 
buffered KC1 [7] by resuspension and centrifugation 
at 4350 X g. Fraction 4 was washed by resuspension 
and centrifugation at 17 300 X g. The pellets were 
resuspended in wash medium in -1 ml to give 
-10 mg protein/ml. The concentration of mitochon- 
drial protein was determined using the Folin reagent 
llOl* 
Ca2” transport was measured using the EGTA- 
Ruthenium Red ‘quench’ technique ] 1 l] . The 
incubation medium, identical to that in [8] , con- 
tained 100 mM KCl, 25 mM a-glycerophosphate, 2mM 
K2HP04 and 1 mg mitochondrial protein in final 
vol. 1.0 ml, at pH 7.4 and 25°C. 50 @I CaClz (con- 
taining -0.3 &i 45Ca2*) was added to initiate the 
reaction. Measurements were made over 5 min. Cyto- 
chrome oxidase was measured by the method in [ 121 
and a-glycerophosphate dehydrogenase as in [ 131 but 
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using 20-50 pg mitochondrial protein in the latter 
assay. 
Materials were obtained from the sources in [7]. 
2.2. Reproducibility 
The data presented were obtained from individual 
experiments each of which was carried out at least 
twice. 
3. Results 
In the present work with Lucilia flight-muscle, a 
similar approach to that adopted for rat liver [I] was 
used to determine the extent to which Ca” transport 
is present in the various mitochondrial preparations. 
At 6 h and 72 h following the emergence of the 
adult fly, 4 mitochondrial fractions were isolated 
from the flight-muscle on the basis of their sedimen- 
tation properties in buffered iso-osmotic KC1 as 
detailed in section 2. Ca” transport over this period, 
as measured in the presence of 2 mM Pi, retains near- 
maximal activity (cf. [8] ). 
Immediately following isolation of the fractions, 
initial rates of Ca” transport were measured and, as 
time allowed, so were a-glycerophosphate dchydro- 
genase, and cytochrome c oxidase activities (cf. [l] ). 
Data in fig.la reveal that initial rates of Ca2+ 
transport were maximal by far in fraction 1. The 
activity diminished to reach quite low values in 
fraction 4. This pattern was seen in mitochondria 
prepared from each of the stages of adult develop- 
ment examined (i.e. 6-72 h). By 5 days after 
emergence, Ca’+ transport activity in all 4 fractions 
was minimal (data not presented, see [S]). 
Data in fig. 1 b reveal that initial rates of cu-glycero- 
phosphate dehydrogenase xhibited a similar activity 
profile to Ca2+ transport at all the developmental 
stages examined; it was greatest in fraction 1 and least 
in fraction 4. A gradual increase in activity in all 
fractions occurred however, between 6 h and 72 h 
after emergence, consistent with knowledge about the 
development of this enzyme activity during adult life 
(see, e.g. [14]). 
By contrast with the activity profiles of each of 
Ruthenium Red-sensitive Ca2+ transport and cy-glycero- 
phosphate dehydrogenase, that of cytochrome c 
oxidase was clearly different. In all mitochondrial 
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All assays were carried out by the procedures in section 2. 
Fractions 1-4 refer to the pellets obtained after centrifuging 
the homogenate for 5 min at 480 X g, 1480 X g, 4350 X g and 
17 300 X g, respectively (see section 2). Enzyme activities are 
expressed as nmol/min.mg protein (Ca2’ transport and cyto- 
chrome c oxidase) or ).m~ol/min.mg protein (aglycero- 
phosphate dehydrogcnasc). 
fractions at all times of development, the activity of 
this latter enzyme was similar (fig.1 c). As with 
cY-glycerophosphate d hydrogenase, an increase in 
activity occurred in each mitochondrial fraction over 
the developmental period examined again consistent 
with knowledge about the increase in activity of this 
enzyme during development of Lucilia [ 141 . 
Control experiments revealed that the rates of 
respiration in the absence or presence of ADP in each 
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of the fractions at a given stage of development, were 
not significantly different from each other indicating 
that the different rates of Ca2* transport in the mito- 
chondrial fractions were not the result of a difference 
in the ability of the fractions to generate a membrane 
potential that drives Ca2+ transport in these organelles. 
4. Discussian 
The following evidence underlies the conclusion 
[I] that Rutlleniunl Red-sensitive Ca*’ transport is 
enriched in specific populations of rat liver mito- 
chondria: 
(i) Initial rates of Ca2+ transport were maximal in the 
‘heavier’ fractions of a range prepared from rat 
liver homogenates by differential centrifugation in 
buffered iso-osmotic rne~liuln; this occurred 
despite the fact that the potential across the inner 
membrane (i.e., the driving force for Ca2’ 
transport) was similar in the fractions. 
(ii) Of the 3 enzyme activity profiles measured in 
these fractions namely, cytochrome c oxidase, 
uncoupler-stimuIated ATPase and ~-glycerop~los- 
phate dehydrogenase, only that of the latter was 
similar to Ruthenium Red-sensitive Ca*+ transport. 
The present work has shown t.hat Ca” transport 
in Lucilia flight-muscle mitochondria, like that in rat 
liver m~tochondria, exhibits greatest rates in the 
population sedimenting at the lowest centrifLJ~a1 
forces (i.e., 48Q X g for 5 min). This compares with 
the centrifugal force of 4300 X g far 5 min used in 
[7-91 to sediment the mitochondrial fraction from 
Ludia flight-muscle (see [ 151). 
That the activity profiles for Ca2+ transport and 
~-~ycerophosphate dehydro~e~ase were similar and 
together different from that of cytochrome c oxidase, 
also is of significance since it strongly indicates that 
the distribution of the former two enzymes in the 
inner mitochondrial membrane is different from that 
of cytochrome c oxidase, a commonly-employed 
marker’ for this membrane in cell fractionation 
studies (see [ 161). B ecause of the assignment of 
~-~ycerop~~os~hate dehydro~~na~ to the ~eri~h~raI 
region of the inner membrane [1’?,18] , we suggest 
that, as in rat liver mitochondria [f ] , the Ca2’ trans- 
port system in Lucika flirt-muscle mitochondria is 
located in that region of the inner membrane. 
Because Ca2’ transport, during the 72 h period 
post-emergence, declined slightly (figla, [S]) while 
the activities of ~-~yc~rophos~hate d~hydrogenase 
(fig. 1 b) and especially of cytochrome c oxidase 
(figlc) increased, it is clear that the ratios of the 
activities CaaC transport to each of the latter enzymes, 
declines quite markedly over the devclo~mental 
period studied (see [7]). Thus in flightmuscle mito- 
chondria of Lucilia, ti2’ transport does not retain a 
‘constant proportiollality’ [ 14,19,20] with electron 
transport chain components during development of 
the organelle post-emergence, a conclusion that can 
be gleaned also from data in [7,8,2I]. 
Finally it is of considerable interest that mito- 
chondria from such widely diverse species as rat 
liver and blowfly flight-muscle exhibit a heterogeneous 
distribution of Ca2+ transport in different mitochon- 
drial pop~llations. While the biolo~(~al si~n~~cance of
this phenomenon remains to be assessed, it is pertinent 
that mitochondrial populations with different Cazf 
tral~sporting properties recently have been isolated 
also from cardiac muscle (22,231. 
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